DEVELOPING APPARATUS 

FIELD OF THE INVENTION AND RELATED ART 

The presen-t inven-tion relat:es to a developing 
appara1:u8 which employs developer to develop a staliic 
image formed on an image bearing member such as a 
photosensltrive member or a dielectric member. In 
particular^ it relates to a developing apparatus which 
employs dry developer, and is suitable Tor an image 
forming apparatus such as a copying machine, a 
printer, etc.^ which employs an electrophotographic or 
electrostatic recording method. 

It has been a common practice to use 
developer (toner) in the powder form in order to 
visualize an electrostatic latent image formed on the 
image bearing member, such as an electrophotographic 
photosensitive member or an electrostatically 
recordable dielectric member^ of an image forming 
apparatus such a copying machine or a printer . 

First, referring to Figure 1, an example of 
an image forming apparatus, in accordance with the 
prior arts, which uses nonmagnetic single-component 
toner, that is, one of Lhe dry developers, to develop 
an electrostatic latent image on an image bearing 
member will be des.cribed« 

This image forming apparatus comprises: a 
cylindrical image bearing member (which hereinafter 



will be referred to as "photosensitive drum") 101 
which is rotated in the direction indicated by an 
arrow mark p on the drawing to bear an electrostatic 
image; a charging device 102; an exposing device 103 
for forming, on the photosensitive drum 101, an 
electrostatic latent image in accordance with a set of 
image formation data; a developing device (developing 
apparatus) 104; a transfer charging device 105; a 
fixing device 106; a cleaner 107; etc. 

The developing apparatus 104 has a developer 
bearing member (which hereinafter will be referred to 
as "development roller") 110 with a diameter of 16 mm, 
which is rotated in the direction indicated by an 
arrow mark q at a peripheral velocity of 140 mm/sec to 
convey developer (which hereinafter may be referred to 
as "toner") to the peripheral surface of the 
photosensitive drxun 101. 

The development roller 110 is a so-called 
elastic development roller, which comprises an 
electrically conductive metallic core with a diameter 
of 8 nmi, and an elastic member formed of rubber or the 
like around the peripheral surface of the metallic 
core. It Is disposed in contact with the 
photosensitive drum 101. 

The development roller 110 is also provided 
with a toner stripping-coating roller 111, a toner 
regulating blade, and a stirring member 113. The 



toner st ripping- coa-ting roller 111 plays 1:h?B role of 
supplying the periplieral surface of the development 
roller 110 with nonmagnetic single- component toner as 
well as the role of stripping the toner from the 
peripheral surface of the development roller 110. It 
is rotated in the direction indicated by an arrow mark 
r at a peripheral velocity of 100 mm/sec. The toner 
regulating blade 112 regulates the amount by which the 
toner is allowed to remain on the peripheral surface 
of Lhe development roller 110. The stirring member 
113 comprises multiple stirring blades, and supplies 
the toner stripping-coating roller 111 with toner. 

The developer^ stripping-coating roller 111 
comprises a metallic supporting shaft with a diameter 
of 5 mm, and a layer of foamed substance formed around 
the peripheral surface of the metallic supporting 
Shalt. The hardness of the developer stripping- 
coating roller 111 is less than that of the 
development roller 110. The developer stripping- 
coating roller 111 is disposed so that it is 
compressed 1 mm by the development roller 110 in the 
radius direction of the developer stripping-coating 
roller 111; the developer stripping-coating roller 
111, which is less in hardness tuan the development 
roller 110, is deformed. 

Referring to Figure 1, as the photosensitive 
drum 101 is rotated in the arrow p direction, the 
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peripheral surface of the photosensitive drxim 101 is 
uniformly charged to the negative polarity hy the 
charging device 2 Lo which voltage is being applied by 
a bias power source. 
5 After being uniformly charged, the peripheral 

surface of the photosensitive drum 101 is exposed to a 
beam of laser light projected from the exposing device 
3. As a result, an electrostatic latent image is 
formed on the peripheral surface of the photosensitive 

10 drum 101 • This electrostatic laLenL image is 

developed into a visible image, that is, an image 
formed of toner (which hereinafter may be referred to 
as toner image"), by the toner conveyed from the 
developer container 104 to the peripheral surface of 

15 the photosensitive drixm 101, by the development roller 
110 disposed in contact with the photosensitive drum 
101 . 

Thereafter, Lhe toner image on the peripheral 
surface of the photosensitive drum ioi is transferred 

20 by the transfer charging device 105 onto a transfer 
medium 108, for example, a piece of paper, OHP sheet, 
or the like, while the transfer medium 108 is 
conveyed. Then, the toner image on the transfer 
medium 108 is welded (fixed) to the transfer medium 

25 108 by the fixing device 106. 

The transfer residual tpner particles, that 
Is, the toner particles remaining on the peripheral 



surface ol thie phot:osensi-tive drum 101 after the 
transfer, are removed from the peripheral surface of 
the photosensitive drum 101 by the cleaner 107. 

As for the toner particles which remained on 
the periphieral surface of the development roller 110, 
that iS/ the toner particles which were not consumed 
for the visualization of the latent image on the 
photosensitive dr\im 101 in the contact area between 
the development roller 110 and photosensitive drum 
101, they are returned to the inside of the developing 
device 104 by the subsequent rotation of the 
development roller 110. 

More specifically^ in the contact area 
between the development roller 110 and developer 
stripping-coating roller 111, the toner particles on 
the peripheral surface of the development roller 110 
are stripped away from the development roller 110 by 
the developer stripping-coating roller 111, falling 
into the developing device 104, while the toner 
P^i^ticles in the developing device 104 are supplied on 
the peripheral surface of the development roller 110 
by the developer stripping-coating roller 111. The 
toner particles supplied to the peripheral surface of 
the development roller 110 are conveyed to the contact 
area between the development blade 112 and development 
roller 110. 

The above described process is repeated to 



form an Image. 

Known as an example of an image forming 
apparatus in which noL only is the development roller 
greater in diameter than the developer stripping- 
coating roller, iDut also, the development roller is 
greater in hardness than the developer stripping- 
coating roller is the apparatus disclosed in Japanese 
Laid-open Patent Application 2002-108089, for example. 
The image forming apparatus, shown in Figure 
1, employ^lng a developing apparatus in accordance with 
the prior arts, was subjected to a durability test in 
which 10,000 copies were made using toner with a 
weight average particle diameter of 6 pm prodUced 
through pulverization and classification. 

The toner contained an external additive; 1 
part in weight of silica with a weight average 
particle dimeter of roughly 50 nm was externally 
added to 100 parts in weight of toner • 

During the test, at about the 5,000"^^ copy, 
the so-called fog, that is, the phenomenon that toner 
adheres to the non- image points of the peripheral 
surface of the photosensitive drum, began to occur, 
and at about the 8,000"^^^ copy, the toner spill, that 
is, the phenomenon that toner particles fall off the 
peripheral surface of the development roller, began to 
occur* 

The inventors of the present invention 



Intensively searched for the causes of these 
phenomenon, making the following discoveries. That 
is, during the durability test, the external additive 
particles having been externally added to the Loner 
were embedded in the surfaces of toner- particles, 
making thereby the toner properties drastically 
^x£f^r^n± from those prior to the durability test (for 
example, toner was reduced in the amount of electric 
charge and the level of fluidity); in other words, the 
so-called toner deterioration occurred. 

The cause of the above described toner 
deterioration is as follows. 

In the contact area between the development 
roller and developer s Lripping-coating roller, the 
toner particles are subjected to the pressure 
resulting from the contact between the development 
roller and developer stripping-coating roller, and 
also, are rubbed by the two rollers because of the 
presence of the difference in peripheral velocity 
between the two rollers. 

As the Loner particles are rubbed by the 
peripheral surfaces of the development roller axad 
developer strlpping-coating roller while being 
subjected to this contact pressure, in the contact 
area, frictional force occurs between the toner 
particles and the peripheral surfaces of the two 
rollers, and a part of this frictional force is 



converted in-to frictional heat. 

The generated frictional heat softens the 
toner particles. As a result, the external additive 
particles are embedded into the surfaces of the toner 
particles, deteriorating thereby the toner particles. 

In particular^ in the case of a contacL Uype 
developing method in which a development roller is in 
contact with a photosensitive drum, toner particles 
are also subjected to frictional force in the contact 
area (development station), exacerbating the problem 
of the toner deterioration. 

SUMMARY OF THE INVENTION 

The primary object of the present invention 
is to provide a developing apparatus capable of 
maintaining a high level of development pex^formance 
for a long period of time, by reducing developer 
deterioration by reducing the amount of the frictional 
force generated in the contact area between the 
developer bearing member and developer stripping- 
coating member of an image forming apparatus. 

Another object of the present invention is to 
provide a developing apparatus which does not suffer 
from the problems of developer deterioration peculiar 
to a developing apparatus employing an elastic 
developer bearing member. 

Another object of the present invention is to 



provide a developing apparatus suit:able for developing 
an image with the use of an elastic developer bearing 
member • 

These and other objects, features, and 
advantages of the present invention will become more 
apparent upon consideration of the following 
description of the preferred embodiments of the 
present invention^ taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of an 
image forming apparatus in accordance with the px^ior 
arts . 

Figure 2 is a schematic view of the 
development roller and developer stripping-coating 
roller, for describing the present invention. 

Figure 3 Is a graph showing a stress 
distribution curve, for describing the present 
invention. 

Figure 4 is a graph showing the relationship 
between the total amount of Lhe stress and radius of 
the developer stripping-coating roller, for describing 
the pre sent i n ven t i on . 

Figure 5 is a graph showing the relationship 
among the total amoxint of the stress, radius of the 
development roller, and radius of the developer 
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stripplng-coatlng roller, for describing the presenl: 
Invention. 

Figure 6 is a graph siiowing Llie stress 
distribution curve, £or describing tlie present 
invention - 

Figure 7 is another graph showing the stress 
distribution curve, for describing the present 
invention. 

Figure 8 is a schematic sectional view of the 
contact area, and its ad:jacencies , between the 
development rollex^ and developer stripping-coating 
roller, for describing the present invention* 

Figure 9 is a schematic sectional view of the 
contact area, and its adjacencies^ between the 
development roller and developer stripping-coating 
roller, for describing the present invention. 

Figure 10 is a schematic sectional view of 
the contact ar^ea, and its adjacencies, between the 
development roller and developer stripping-coating 
roller, for describing the present invention. 

Figure 11 is a schematic sectional view of 
the image forming apparatus in the first enibodimenL of 
the present invention. 

Figure 12 is a schematic sectional view of 
toner particles in the second embodiment of the 
present invention. 

Figure 13 is a schematic drawing for 



describing the shape factors oX the toners in the 
second eoibodlment of the present invention. 

Figure 14 is a schematic sectional view of 
the image forming apparatus in the third embodiment of 
the present invention. 

DETAILED DESCRI PTION OF THE PREFERRED KMBODIMENTS 

For the purpose of minimizing developer 
deterioration (toner deterioration), it is effective 
to reduce the frictional force to which developer 
(toner) is subjected in the contact area between a 
developer bearing member (development roller) and a 
developer st ripping-coating roller. Hereinafter, it 
will described in detail how the effects of the 
frictional force upon developer in the contact ax^ea 
are altered by the relationship between development 
roller radius and developer st ripping-coat ing roller 
radius . 

Figure 2 Is a schematic sectional view of a 
development roller 10 and a developer stripping- 
coating roller 11, showing the state of the contact 
area between the two rollers. As will be evident from 
Figure 2, the surface hardness of Lhe developer 
stripping-coating roller 11 is less than that of the 
development roller 10. 

In the case of the development roller 10 and 
developer stripping-coating roller 11 shown in Figure 
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2, the two rollers 10 and 11 are rotational ly driven 
independently from each other, at different peripheral 
velocities. Therefore, the friction in the contact 
area L (bold line in drawing) may be construed as 
sliding friction. Thus, the amount of the frictional 
force to which each toner particle is subjected in the 
minute space in the con Lac L area L is the product of 
Lhe friction coefficient (p), the value of which is 
determined by the material for the development roller 
10 and the material for the developer stripping- 
coating roller 11, and the force (N) to which the 
toner particle is subjected in the minute space in the 
contact area that is, the reactive force resulting 
from the stress P at the surface of the developer 
stripping-coating rollex* 11 (development roller 10); 
it is expressed as. pN. 

The distribution of the stress P in the 
contact area L is as shown in Figxire 3. Thus, the 
total amount of the frictional force, to which each 
toner particle is subjected in the contact area L can 
be obtained "as the product of the value of the hatched 
area in Figure 3 and the friction coefficient p. The 
value or the hatched area is obtainable by integrating 
the numerical expression of the distribution curve of 
the stress P in Figure 3, within the range L (which 
corresponds to the contact areas L) . 

In other words, the frictional force = pfN s= 
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Therefore, reducing the amouni: of the strees 
P Itself, and/or the size of the contact area L, that 
is, the integration interval, is effective Lo reduce 
5 the amount of the frictional force to which each toner 
particle is subjected in the contact area L. 

The present invention is characterized in 
that the above described frictional force is reduced 
by reducing the amount of the stress P and the size 

10 (width) of the contact area L by skillfully choosing 
the values for the radii of the development roller 10 
and developer stripping-coating roller 11. 

Figures 4 and 5 are graphs showing the 
changes in the value of Jp which occurred as the 

15 development roller 10 was changed in radius, and the 
changes in the value of JP which occurred as the 
developer st ripping-coating roller 11 was changed in 
radius, respecLi vely . 

Figure 4(a) is a graph showing the changes in 

20 the value of which occurred as the radius R2 of the 
developer stripping-coating roller 11 was changed 
while the radius Rl of the development roller 10 was 
kept unchanged (abscissa represents the radius R2 of 
developer stripping-coating roller 11, and ordinates 

25 represents the value of jp). A point Q in the graph 

is where the value of the radius Rl of the development 
roller 10 coincides with that of the radius R2 of the 
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developer stripping-coatlng roller 11 (Rl = 

Conversely, Figure 4(b) is a graph showing 
Lhe changes in Ihe val lie of which occvirredl as lihe 
radius Rl of the development roller 10 was changed 
5 while the radius R2 of the developer st ripping-coating 
roller 11 was kept unchanged. A point Q in the graph 
is where the value of the radius Rl of the developmenL 
roller 10 coincides with that of the radius R2 of the 
developer stripping-coaLing roller 11 (Rl = R2 ) , as is 
10 the point Q in Figure 4(a). 

Figure 5 is a three dimensional graph in 
which the X axis represents the radius Rl of the 
development roller 10; the Y axis represents the 
radius R2 of the developer stripping-coating roller 
15 11; and the Z axis represents jp. In the graph, the 
two-dot broken line on a plane XY (plane which 
includes both X and Y axes) represents where the radii 
of the development roller 10 and developer stripping- 
. coating roller are the same (Rl = R2), 
20 Incidentally, the radii of the development 

roller 10 and developer stripping-coat ing roller 11 
are adjusted by increasing or reducing the rollers in 
the thickness of the elastic layer while keeping them 
constant in the radius of Lhe supporting shaft. 
25 Further, the depth of the apparent entry of the 
developer stripping-coat ing rollex* 11 into the 
development roller 10/ and vice versa, are kept 
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cons'kant . 

In this patent application, the radii of 
curvature of the development roller 10 and developer 
St ripping-coating roller 11 means the values of the 
5 radii of curvature of the development roller 10 and 
developer stripping-coating roller 11 with the 
presence of no contact between the two rollers. In 
other words, they mean the values of the radii of 
curvature of the development rollex^s 10 and 11 when 

10 the portion' of the peripheral surface of the 
development roller 10 and the portion of the 
peripheral surface of the developer stripping-coating 
roller 11, corresponding to the area in which the 
peripheral surfaces of the development roller 10 and 

15 developer stripping-coating rollex- 11 make contact 

with each other, are not In the temporarily deformed 
state • 

In the following description of the 
interaction between the two rollers, in the contact 

20 area between the two rollers, when the two rollers are 
not in contact with each other, the radii of cur^vature 
of the two rollers are the same as Lhe radii of the 
two rollers, respectively. 

According to Figures 4 and 5, the greater the 

25 radius of the developer stripping-coating roller 11^ 
the smaller Lhe integral Jp of the stress P in the 
contact area. Also, the smaller the radius of the 



development roller 10, the smaller the integral of 
the stress P in the contact area. These tendencies 
are particularly conspicuous, that is, the integral Jp 
is substantially smaller, under the condition that the 
radius Rl of the development roller 10 is smaller than 
the radius R2 of the developer stripping-coating 
roller 11 (Rl < R2), 

These tendencies are attributable to the 
following mechanism. 

(1) As the radius R2 of the developer stripping- 
coatlng roller 11 is increased without changing the 
radius Rl of the development roller 10, the maximum 
value Pmax of the stress P reduces as shown in Figure 
6, which shows the distribution oT the stress P, 
reducing thereby the integral jp of the stress P. In 
this case, it is reasonable to speculate that the 
interval L in the graph, corresponding to the width of 
the contact area L, in which the stress P is 
Integrated, widens, because the increase in the radius 
R2 of the developer stripping-coating roller 11 
Increases the width of the contact area, that is, the 
dimension of the contact area in terms of the 
circomrerential direction of the development roller 
10. In reality, however, the Increase in the width of 
the contact area is not much; on the contrary, the 
contact area sometimes reduces in width. The reason 
therefor will be described next with reference to 



Figures 8 - 10. 

Figures 8-10 are scliematic sectional views 
of tlie contact area, and its adjacencies, between the 
development roller 10 and developer stripping-coating 
roller 11. Tlie developer st ripping-coating roller 11 
is less in hardness than the development roller 10* 
Therefore^ it is the developer stripping-coating 
roller 11 that deforms; the surface layer of the 
developer stripping-coating roller 11 conforms to the 
contour of the development roller 10. In the 
drawings, SI represents the circumferential length of 
the contact area between the development roller 10 and 
developer stripping-coating roller 11, and S2 
represents the circumferential length of the portion 
ol Lhe peripheral surface of the developer stripping- 
coating roller 11 deformed by the development roller 
10 (w represents direct distctace between one edge of 
the contact area, in terms of the circumferential 
direction, to the other) . 

Figure 8 shows the case in which the 
development roller 10 and developer stripping-coating 
roller 11 are Lhe same in radius (Rl » R2). In this 
case, SI = 82. 

In comparison, when the radius Rl of the 
development roller 10 is greater than the radius R2 of 
the developer stripping-coating roller 11 (Rl > R2) as 
shown in the bottom portion of Figure 9, SI is shorter 
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-than S2, that is, the portion of the peripheral 
surface of the developer st ripping-coating roller 11 
deformed by the development roller 10. in other 
words, SI is excessive relative to SI, in addition, 
5 the developer stripping-coating roller 11 is less in 
hardness than the development roller 10, being 
therefore greater in the amount of deformation than 
the development roller 10. Therefore, the portion of 
the developer st ripping-coating roller 11 
10 corresponding to the contact area is partially pushed 
out of the contact area, from both edges, by the 
amount corresponding to the aforementioned excess (S2 
SI), expanding thereby the contact area, that is, 
increasing the width of the contact area L in terms of 
15 the circumferential direction. Thus, under the 

condition that the radius of the development roller 10 
is greater than that of the developer stripping- 
coating roller 11 CRl > R2), the smaller the R2, the 
greater the difference (S2 - SI), and therefore, the 
20 more conspicuous this phenomenon. Therefore, the 

reduction in the radius R2 of the developer s tripping- 
coating roller 11 does not substantially reduce the 
width of the contact area L, 

On the other hand, under the condition that 
25 the radius R2 of the developer st ripping-coat ing 
roller 11 is greater than the radius Rl of the 
development roller 10 (Rl < R2) as shown in the top 
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portion of Flgrure 9, SI is greater than S2. Since the 
developer stripping-coating roller 11 is less in 
hardness thaai the development roller 10, being 
therefore greater in the amount of deformation than 
the development roller 10^ the portion of the 
peripheral portion of the developer stripping-coating 
roller 11 corresponding to the contact area L is 
pulled toward the center of the contact area at 
both edges, because S2 < SI. Therefore, increasing 
the radius R2 of the developer stripping-coating 
roller 11 does not substantially increase the width of 
the contact area L. 

As will be evident from the above 
explanation^ in theory^ if the radius R2 of the 
developer stripping-coating roller 11 is increased 
without changing the radius Rl of the development 
roller 10, the circumferential length SI of the 
contact area L increases. In reality, however, the 
length SI of the contact area L does not substantially 
increase, remaining virtually the same. 

On the other hand, the amount of the stress P 
in the contact area is likely to be affected by the 
metallic core of the developer stripping-coating 
roller 11, because the elastic layer of the developer 
stripping-coating roller 11 is less in hardness than 
the development roller 10. Thus, if the radius R2 of 
the developer stripping-coating roller 11 is increased* 
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(toy Increasing the thickness of the elastic layer of 
the developer stripping- coating roller 11) without 
changing the depth by which the developer s tripping- 
coating roller 11 is compressed in Lhe radius 
direction of the developer stripping-coating roller 11 
by the development roller 10, the effect of the 
metallic core of the developer stripping-coating 
roller 11 upon the amount of the stress P becomes 
smaller^ which in turn reduces the maximum value Pmax 
of the stress P. In other words, if the radius R2 of 
the developer stripping-coating roller 11 is increased 
without changing the radius Rl of the development 
roller 10, the integral jp of the stress P reduces as 
shown in Figure 6* 

(2) This is the case in which the radius Rl of 
the development roller lO is increased without 
changing the radius R2 of the developer stripping- 
coating roller 11, Under the condition that the 
radius. Rl of the development roller 10 is largex- than 
the radius R2 of the developer stripping-coating 
roller 11 as shown in the top rigiit portion of Figure 
10 (Rl > R2), the greater the radius Rl, the greater 
the difference (S2 - SI). Therefore, the portion of 
the periphery of the developer stripping-coating 
roller 11, corresponding in position to the contact 
area L (S2), which is softer and more deformable than 
the corresponding portion of the development roller 
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10, is pushed out of the contact area by the amount 
proportional to the difference (S2 - Si) from both 
edges of the contact area, expanding thereby the 
contact area L (increasing the length S2) , as shown in 

5 the boLLom right portion of Figure 10. In other 
words, the direction in which the circumferential 
length SI is increased by the increase in the radius 
Rl of the development roller 10 coincides with the 
direction in which the portion of the periphery of the 

10 developer stripping-coating roller 11, corresponding 
in position to the contact area, is squeezed out of 
the theoretical contact area. Therefore, the width of 
the actual contact area L increases. 

On the contrary, under the condition that the 

15 radius Rl of the development roller 10 is smaller than 
the radius R2 of the developer stripping-coating 
roller 11 (Rl < R2) as shown in the top left portion 
of Figure 10, the smaller the radius Rl, the greater 
the amount of the force, by which the portion of the 

20 periphery of the developer stripping-coating roller 

11, corresponding in position to the contact area, 
which is softer and more deformable than the portion 
of the periphery of the development roller 10, is 
pulled toward the center of the contact area. 

25 Therefore, the contact area L is likely to be reduced 
in length, being shorter than the theoretical length 
(bottom left in Figure 10). 
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As will be evident from -the above 
explanation, if tbe radius Rl of the development 
roller 10 is increased wiLliout changing the radius R2 
or Lhe developer st ripping-coating roller 11, the 
width of the contact area L is likely to increase, as 
shown in Figure 7, from the theoretical length to the 
actual length L'. 

Further, the hardness of the development 
roller 10 is greater than that of the developer 
St ripping-coating roller 11. Therefore, even if the 
development roller 10 is changed in the thickness of 
the elastic layer, in order to change the development 
roller 10 in radius, the maxiimjun value Fmax of the 
stress P in the contact area barely changes. 
Therefore, as the radius Rl of the development roller 
10 is increased without changing the R2 of the 
developer stripping-coating roller 11, the integral ^P 
Is likely to increase as shown in Figure 7. 

Figure 5 shows the changes which occurred to 
the integral as the radius Rl of the development 
roller 10 and radius R2 of the developer stripping- 
coating roller 11 were independently changed while 
taking into account the results in (1) and (2). it is 
evident from this graph that the greater the radius R2 
of the developer stripping-coating roller 11, and the 
smaller the Rl of the development roller 10. the 
smaller the integral ^P of the stress P. 
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In o-blier words ^ combining a developer 
St ripping- coating roller with a development roller 
smaller in radius (Rl) than the developer stripping- 
coating roller is effective to reduce the integral Jp 
of the stress P. As will be evident fx^om the above 
explanation, the toner deterioration which occurs in 
the contact area L between a development roller and a 
developer st ripping-coating roller can be reduced by 
reducing the total amount of the frictional force, 
that Is/ 5? to which a toner particle is subjected 
in the contact area, and the total amount of the 
frictional force can be reduced by controlling the 
width of the contact area and the amount (maximum 
value Pmax) of the stress F, which can be controlled 
by controlling the relationship between the radius Rl 
of the development roller and the radius R2 of the 
developer stripping-coating iroller. In other words, 
the toner deterioration can be reduced by optimizing 
the relationship between the radius Rl of the 
development roller and the radius R2 of the developer 
st r ipp ing- coat ing r o 1 ler , 

Further, even if a developer bearing member 
cund/or a developer stripping-coating member is not in 
the truly cylindrical form, for example, even if one 
or both of them are in the form of a belt, which is 
not uniform in curvature across its circvimf erence, as 
long as the relationship between the radii of 



-24- 



curvature of the portions of the developer bearing 
member and developer stripping-supplying member, 
corresponding in po&ition to the contact area between 
the two members, satisfies an inequality: radius of 
curvature of developer st ripping-coating member > 
radius of curvature of developer bearing member, the 
same effects as those described can be obtained; in 
other words, the frictional force to which a toner 
P^^rticle is subjected can be reduced to reduce Loner 
deterioration* 

As described above, the toner deterioration 
attribuLable to the frictional force, to which a toner 
particle is subjected in the contact area between a 
developer bearing member and a developer stripping- 
supplying member, can be reduced by reducing the total 
amount of the stress in the contact area, which is 
equivalent to the integral (= J(pN)ds) of the 
distribution curve of the stress generated in the 
contact area. 

Hereinafter, the preferred embodiments of the 
present invention will be described in detail with 
reference to the appended drawings. Incidentally, the 
measurements, materials, and shapes of the structural 
components of the image forming apparatuses in the 
following embodiments of the present invention, and 
their positional relationships, are not intended to 
limit the scope of the present invention, unless 
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specifically noted. 

( Eaibodiment 1 ) 

FirsL, referring to Figure 11, the first 
embodiment of tlie present invention will be described. 

The developing apparatus in this erabodixnent 
shown in Figure 11 is of a reversal development type, 
which develops an latent image on the image formation 
area of the photosensitive drum 1 as an image bearing 
member, into a visible image^ by adhering developer to 
the image formation area. It comprises a development 
roller 10, as a developer bearing member, on which 
negatively charged toner is to be borne, and which is 
placed in contact with the photosensitive drum 1, for 
development. In other words, the developing apparatus 
is a contact type developing apparatus which employs a 
single- component developer . 

The image forming apparatus employing Lhe 
above described developing apparatus is e<5uipped with 
a cylindrical photosensitive drum 1, which is 24 mm in 
diameter and is rotational ly driven at a peripheral 
velocity of 90 mm/sec in the direction indicated by an 
arrow mark A in the drawing. Disposed around the 
peripheral surface of the photosensitive drum 1 are a 
charging device 2, an exposing device 3, a developing 
device (developing apparatus) 4, a charging device 5 
for transfer, and a cleaner 7, which are listed from 
the upstream side in terms of the rotational direction 



of the photosenfil-tiv^ drum that is, listed 
following the order of usage in image formation. The 
image forming apparatus is also provided with a fixing 
device 6. 

Next, the image forming operation of this 
image forming apparatus will be described in general 
terms , 

First, the peripheral surface of the 
photosensitive drum 1 being rotated in the arrow A 
direction is uniformly charged to negative polarity by 
the charging device 2 connected to a bias power 
source- Then, a set of image formation data is 
written as an electrostatic latent image on the 
peripheral surface of the photosensitive drum 1^ by 
exposing the charged peripheral surface of the 
photosensitive drum 1 with the use of the exposing 
device 3 which projects a beam of light, for example, 
a beam of laser light . 

The developing device 4 is provided with an 
elastic development roller 10 rotatable at a 
peripheral velocity of 140 mm/sec in the direction 
indicated by an arrow mark B. The toner coated on the 
peripheral surface of Lhe development roller 10 is 
conveyed by the rotation of the development roller 10 
to the contact area between the photosensitive drum l 
and development roller 10, in which an image 
reflecting the latent image is formed of toner on the 



-27- 



perlpheral surXace of the photosensiUlvQ dlriiin 1, 
because of the relationship in potential level between 
the development roller 10, to which DC voltage is 
being applied from a bias power source, and the latent 
5 image on the photosensitive drum 1, 

The charging device 5 for image transfer is 
disposed so that a transfer medium 8 will be nipped 
between the peripheral surface of the photosensitive 
drum 1 and the transjter charging device 5. The 

10 transfer charging device 5 is connected to a bias 

power source. As voltage opposite in potential to the 
toner is applied to the transfer charging device 5 
from the bias power source, the toner image on the 
photosensitive drum 1 is transferred onto the transfer 

15 medium 8 being coxiveyed between the photosensitive 
drum 1 and transfer charging device 5. 

After the transfer of the toner image onto 
the transfer medium 8, the transfer medium 8 is 
conveyed to the fixing device 6. In the fixing device 

20 6, the toner image is welded (fixed) to the transfer 
medium 8 . 

The transfer residual toner, Lhat is, the 
toner remaining on the peripheral surface of the 
photosensitive drum 1 after the transfer, is recovered 
25 by -the cleaner 7 . 

An image is completed by repeating the above 
described process . 



Next, l:he details of the structure and 
operation of tlie developing device 4 will be 
described. 

The developing device 4 is provided with an 
elongated opening, which extends in the lengthwise 
direction o£ the developing device 4. The elastic 
development roller 10 of the developing device 4, 
which is rotatable at the peripheral velocity of 140 
mm/sec in the arrow B direction, is disposed so that 
it is placed in contact with the photosensitive drum 1 
through the opening • 

The developing device 4 is also provided 
with: a developer strlpping-coating roller 11 
(rotatable at peripheral velocity of 100 mm/sec in 
direction indicated by arrow mark C) as a member for 
stripping developer from the development roller 10, on 
one side of the nip between the development roller 10 
and photosensitive drum 1, while coating the 
development roller 10 with developer, on the other 
side; a regulating blade 12 as a toner* amount 
regulating member disposed in contact with the 
development roller 10 with the application of a 
predetermined amount of pressure; and a stirring 
member 13 in the form of a blade (which is rotated in 
direction indicated by arrow mark E) for conveying 
toner while stirring it- Further, noximagnetic single- 
component toner is stored in the developing device 4. 
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In -this embodlmen-t , nonmagnetic single- 
component: toner manufactured with Llie use of the 
pulveri:i&atxon process and classification process is 
employed as the developer. its particles are 
aspherical and 6 ^om.in average diameter. As the 
developer, a mixture of 100 parts in weight of this 
toner and 1 parts in weight of silica which is roughly 
50 nm in weight average diameter is employed (the same 
developer as those employed by Lhe image forming 
apparatuses in accordance with the prior arts is 
employed) • 

The development roller lO in this embodiment 
is flexible. More specifically, it is a cylindrical 
elastic member comprising: a metallic supporting 
shaft; a roughly 4 mm thick elastic layer formed of 
solid rubber, sponge^ or the like (which in this 
embodiment is butadiene rubber) on the peripheral 
surface of the metallic supporting shaft; and the 
surface layer (which in this embodiment is 30 }im thick 
urethane film) coated on the peripheral surface of the 
elastic layer to give electric charge to toner. It is 
16 mm in diameter, and roughly 45 in Asker hardness 
scale In other words, the material for this 

development roller 10 is Lhe same as those for the 
development rollers in accordance with the prior arts. 

The developer st ripping-coating roller 11 is 
also flexible. More specifically, it comprises: a 
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me'tallic supporting shaft with, a diameter of 5 mm; and 
a cylindrical elastic member formed of foamed 
ureLhane, in which pores are interconnected, on the 
peripheral surface of the metallic core. Its diameter 
5 is 18 mm. The reason for the employment of foamed 

substance as the material for the elastic layer of the 
developer stripping-coating roller 11 is to provide 
the peripheral surface of the roller 11 with ntunerous 
open pores, in ox^der to supply Lhe development roller 

10 10 with a sufficient amount of toner. Since the 
elastic layer of the developer stripping-coating 
roller 11 is formed of foamed suhstance, the hardness 
of the surface of the developer stripping-coating 
roller 11 is substantially lower compared to that of 

15 the development roller 10. The substances employed as 
the materials for the developer stripping-coating 
roller 11 in this embodiment are the same as those for 
Lhe developer stripping-coating rollers in accordance 
with the prior arts. 

20 Incidentally/ the hardness of the developer 

stripping-coating roller 11 formed of foamed substance 
was too low to be measured on Asker hardness scale C 
in which the hardness of the development roller 10 is 
measured. Therefore, it was measured in Asker 

25 hardness scale F used as the hardness index for 

substances substantially softer than the development 
roller- 10, and was roughly 70'', Although the surface 
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hardness o£ ^he developmeni: roller 10 and that: of the 
developer stripping- coating roller 11 were escpressed 
in different hardness scales^ it is ohvious that the 
surface hardness of the developer stripplng-coating 
5 roller 11 is lower than that of the development roller 
10. 

The development roller 10 and developer 
stripplng-coating roller 11 are both cylindrical. 
Therefore, when the two rollers are not In contact 

10 with each other, the radii of curvature of the 

portions of the development roller 10 and developer 
stripplng-coating roller 11, corresponding in position 
to the contact area, are the same as the x^adii of the 
two rollers 10 and 11, respectively, which are 8 mm 

IS and 9 mm, respectively. 

The depth by which the development roller 10 
compresses the developer stripplng-coating roller 11 
in the radius direction of the development roller 10 
is 1-0 mm. The depth by which the development roller 

20 10 compresses the developer stripplng-coating roller 
11 in the radius direction of the development roller 
10 is set to be no more than the thickness of the 
elastic member of the developer stripplng-coating 
roller 11 in order to prevent the metallic cores of 

25 the two rollers from coming into contact with each 
other . 

In the developing device 4, the stirring 
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member 13 conveys tlie toner to the adjacencle& of the 
developer stripping- coating roller 11- The toner in 
the ad^Jacencies of the developer st ripping-coating 
roller 11 is conveyed by the rotation of the developex' 
5 St ripping-coating roller 11 to the contact area 
between the development roller 10 and developer 
st ripping-coating roller 11, in which the toner is 
borne on Lhe peripheral surface of the development 
roller 10<p 

10 Then, the toner having just been borne on the 

peripheral surface of the development roller 10 is 
conveyed by the subsequent rotation of the development 
roller 10 to the contact area between the development 
roller 10 and regulating blade 12, and is conveyed 

15 through the contact area. While the toner is conveyed 
through the contact area, not only is the body of 
toner on the peripheral surface of the development 
roller 10 negatively charged by Lhe fricLion between 
the toner and regulating blade 12, and the friction 

20 between the toner and development roller 10, hut also 
is formed into a toner layer of a uniform thickness. 

After being uniformly coated on the 
peripheral surface of the development roller 10, the 
toner is conveyed Lo Lhe contact area (development 

25 station) between the photosensitive drum 1 and 

development roller 10, in which when there is a latent 
image on the photosensitive drxom 1, the toner is 
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adhered -to -tHe piiotoeensililve drum 1^ 1:hat Is, 
develops 1:tie laten-t Image ^ whereas when -there is no 
latent image on the photosensitive dr\im 1, the. toner 
remains on the development roller 10 to be returned to 
5 the developing device 4. 

The toner having remained on the development 
roller 10 and returned to the developing device 4 is 
stripped from the development roller 10 by the 
developer st ripping-coating roller XI which is being 

10 rotated at a predetermined peripheral velocity which 

is different from the peripheral velocity at which the 
development roller 10 is being rotated. The toner 
having just been stripped by the developer st ripping- 
coating roller 11 joins the toner in the developer 

15 container after being conveyed through the contact 

area between the developer stripping-coating roller 11 
and development roller 10. 

In order to strip the toner particles on the 
development roller 10, which were not involved in the 

20 development, from the development roller 10, there 
needs to be a difference in peripheral velocity 
between the development roller 10 and developer 
stripping-coating roller 11, in the contact area 
between the two rollers. If the developer stripping- 

25 coating roller 11 is increased in peripheral velocity 
to provide the difference in peripheral velocity 
between the developer stripping-coating roller 11 and 
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development roller 10, In t:lie cozit:ac-t area, -tlie amount 
by whicli -toner is conveyed through the contact area 
per unit of time is increased, increasing thereby the 
amount of the frictional force which the toner 
5 receives while being conveyed through the contact 

area. Thus, the peripheral velocity of the developer 
St ripping-coating roller 11 is desired to be as low as 
possible within the range in which the development 
roller 10 can be supplied with a sufficient amount of 

10 tonex*, and also, in which the peripheral velocity of 
the development roller 10 is greater than that of the 
developer stripping-coating roller 11. In this 
embodiment, the peripheral velocities of the 
development roller 10 and developer stripping-coating 

15 roller 11 are set to 140 mm/sec and 100 mm/sec, 

respectively, and the rotational directions of the two 
rollers are set so that their peripheral surfaces move 
in the opposite directions, in the contact area. 

In the durability tests, similar to those la 

20 accordance with the prior arts, carried out by the 
inventors of the present invention, in which toner, 
the particles of which are aspherical and are 6 pm in 
weight average diameter was used, and 10,000 copies 
were printed, the problems such as fog formation, 

25 toner spilling, etc., associated with the developing 
apparatus in accordance with the prior arts did not 
occur; preferable images were continuously formed 
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\in1:il the last copy was produced. 

The inventors of the present invention 
carried out another durability test, in which the 
toner r the particles of which are aspherical and are 6 
5 pun in weight average diameter was used; 1,000 copies 
were printer; and various factors in this embodiment, 
that is, beginning with the above described structural 
arrangements, the radius of the developer stripping- 
coating roller 11, etc., were varied as shown in the 

10 following table. The results are given in the 
following tcO^le (Table 1). 

The radius of the developer stripping-coating 
roller 11 was varied by changing the thickness of the 
elastic layer formed of a foamed substance without 

15 changing the diameter (5 mm) of its metallic core. 
The positional relationship between the development 
roller 10 and developer st ripping-coating roller 11 
was set so that the depth by which the developer 
St ripping-coating roller 11 was compressed by the 

20 development roller 10 in the radius direction of the 
developer st ripping-coating roller 11 became 1.0 mm. 

Further, an arrangement was made so that the 
periphex'al velocities of the development roller 10 and 
developer st ripping-coating roller 11 relative to each 

25 other (whxch in this embodiment was 240 mm/sec), in 
the contact area, remained the same despite the 
changes in the radius of the developer stripping- 
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coating roller 11, 



Table 1 



5 ROLLER RADII (mm) 

4 5 6 7 8 9 10 



RADIUS 
DEV. 

ROLLER N N N F G G G 

8 (mm) 



10 G: No Image defect 

F: Fog is produced 
N: Toner falls 



In Table 1, G means that there was no problem 
15 throughout the durability tests (preferable images 
were formed from the beginnings of the tests to the 
ends); F means that fog was generated during the 
durability tests (toner adhered to non- image points of 
the peripheral surface of the photosensitive drum) ; 
20 and N means that not only was fog generated, but also, 
"toner spill that is, the phenomenon that toner 
particles not carrying a sufficient amount of electric 
charge spill from the development roller 10, occurred - 
It is evident from Table 1 that the smaller 
25 the radius of the developer stripping-coating roller 
11, the smaller the print count at which the tonex^ 
spill began to occur. 
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It was under that condition that the radius 
of the developer stripping-coating roller was no less 
than that of the development roller, that is, when the 
requirement of "development roller radius ^ developer 
stripping-coating roller radius" was satisfied, that 
images of high quality were outputted^ that is, no 
image anomaly occurred/ from the start of the 
durability tests, in which 10,000 copies were printed, 
to the end. 

The inventors of the present invention 
carried out additional durability tests, in which the 
toner, the particles of which are aspherical and are 6 
pm in weight average diameter; 10,000 copies were 
printed; and the development roller and developer 
stripping-coating roller were varied in radius^ within 
the range of 4 - 10 mm. The results are given in the 
following table (Table 2). 

In order to change the radius of curvature of 
the development roller 10, the radius of the 
development roller 10 was varied by adjusting the 
thickness of the elastic layer formed on the 
peripheral surface of the metallic core with a 
diameter of 6 mm (material for elastic layer was the 
same as described above; solid butadiene rubber was 
used). Further, the peripheral surface of the elastic 
layer of the development roller 10 was coated with a 
thin film (which in this embodiment was 30 pm thick 
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urethane film as described before) to give toner 
electric charge. 

The radius of curvature of Lhe peripheral 
sarTace of the developer stripping-coating roller 11 
5 was varied by changing the thickness of the elastic 
layer formed of a foamed substance (which in this 
embodiment was urethane rubber » as was the material 
for the developer st ripping-coating roller in 
accordance with the prior art) without changing Lhe 

10 diameter (5 mm) of its metallic core. 

Further, an arrangement was made so that the 
depth by which the developer stripping-coating roller 
11 was compreissed by the development roller 10 in the 
radius direction of the developer stripping-coating 

15 roller 11 became 1.0 mm, regardless of the 

combination, in terms of radius, between the 
development roller 10 and developer stripping-coating 
roller 11* 

Further, another arrangement was made so that 
20 the peripheral velocities (which in this embodiment 
was 240 mm/sec) of the development roller 10 and 
developer stripping-coating roller 11 relative to each 
other, in the contact area, remained the same despite 
the changes in the radius of the developer stripping- 
25 coating roller 11. 

In the following table, G means that there 
was no problem throughout the durability tests 
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(preferable images were rormed from the beginnings of 
the tests to the ends); F means that fog was generated 
during the durahility tests (toner adhered to non- 
image points of the peripheral surface of the 
photosensitive drum); and N means that not only was 
"fog" generated, but also^ "toner spill", that is, the 
phenomenon that toner particles not carrying a 
sufficient amount of electric charge spill from the 
development roller 10, occurred. 



Table 2 
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G: No image defect 
F: Fog is produced 
. N: Toner falls 



It is evident from Table 2 that under the 
condition that the development roller was greater in 
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radlus -tlian "the developer st:rlppxng-coat:lng roller, 
the smaller -tlie radius of the developer stripping- 
coating roller^ the more likely to occur the problems 
of fog formation and toner spill, v/hereas under that 
5 condition that the development roller was smaller in 
radius than the developer st ripping-coating roller, 
the greater the radius o£ the developex* stripping- 
coating roller, the less likely to occur the image 
defects. 

10 Moreover, under the condition that 

development roller was greater in radius than the 
developer stripping-coating roller, the smaller the 
radius of the developer stripping-coating roller, the 
smaller the print count at which the fog formation and 

15 toner spill began to occur. 

It was iinder the condition that the radius of 
the developer stripping-coating roller was no less 
than that of the development roller, that is, the 
requirement of "development roller radius < developer 

20 stripping-coating roller radius" was satisfied, that 
images of high quality were output ted ^ that is, no 
image anomaly occurred, from the start of the 
durability tests, in which 10,000 copies were printed 
and the development roller and developer stripping- 

25 coating roller were varied in radius within the range 
of 4 — 10 mm, to the end. 

The reason for setting the minimum value for 
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-the rollers i:o 4 mm is as follows. Thai: Is, ±zi 
consideration of "the bending of the metallic cores of 
the rollers in the direction perpendicular to the 
lengthwise directions of the rollers, the radii of the 
5 rollers need to be no less than roughly 2.5 mm. 
Further, in order to assure that the developer 
stripping-coating roller can be compressed by the 
development roller by a minimum depth of 1 mm, the 
thickness of Lhe elasLic layer of Lhe developer 

10 stripping-coating roller needs to be no less than 1.5 
mm* This is why the minimum values for the 
development roller and developer st ripping-coating 
roller were set to 4 mm. 

The reason for setting the maximum values for 

15 the rollers to 10 mm is as follows. That is^ in 

consideration of the market demand for smaller image 
fox^ming apparatuses, it is necessary to reduce 
developing apparatus size. In addition, development 
rollers and developer stripping-coat ing rollers most 

20 in demand are no more than 10 mm in radius. 

Incidentally, even when the development roller and 
developer stripping-coating roller are no less than 10 
mm in radius, the same effects as those described 
above can be obtained as long as the requirement of 

25 "development roller radius < developer st ripping- 
coating roller radius" is satisfied* 

The reason why the greater the developer 
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stripplng-coating roller radius, the smaller the 
amounl by which toner spills from the dLevelopment 
roller is as follows. That is, even if the developer 
St ripping-coating roller 11 is increased in radius, 
5 the width of the contact: area L between the 

development roller 10 and developer stripping- coating 
roller 11 barely changes ^ as described above, and 
also, the amount of the stress attributable to the 
metallic core of the developer stripping-coating 

10 roller 11 is reduced due to the increase in the 

thickness of the elastic layer, reducing thereby the 
maximum value Pmax of the stress in the contact area 
between the development roller 10 and developer 
stripping-coating roller 11, which in turn reduces the 

15 value of the integral Jp. As a result, Lhe frictional 
force to which toner is subjected in the contact area 
is reduced, reducing the amount of toner 
det e r i o r a t i on . 

The reason why the smaller the development 

20 roller radius, the smaller the amount by which toner 
spills from the development roller is as follows. 
That is, as the development roller 10 is reduced in 
radius, the width of the contact area L between the 
development roller 10 and developer stripping-coating 

25 roller 11 is reduced^ reducing the total amount of the 
stress in the contact area (Jp), which in turn reduces 
the amount of the frictional force to which toner is 
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subjected in t:he con-tact area. As a result:^ -boner Is 
less det:erloral:ed. 

The inventors of the present invention also 
carried out the following durability tests, in which 
5 10,000 copies were printed per operation under various 
conditions « Incidentally, an arrangement was made so 
that the depth by which the developer stripping- 
coating roller 11 was compressed by the development 
roller 10 in the radius direction of the developer 
10 stripping-coating roller remained 1.0 mm regardless of 
the changes in radii of the development roller and 
developer stripping-coating roller, 
(Ranges in Which Various Factors were Varied) 

Weight average toner particle diameter: 3-10 

15 pm; 

Hardness (Asker scale C) of development roller 
10: 30 - 70*; 

Hardness C Asker scale F) of developer stripping- 
coating roller 11: 30 - QO**; and 
20 Peripheral velocities of development roller 10 

and developer stripping-coating roller 11 relative to 
each other: 50 - 600 mm/sec. 

Also under the above described conditions, 
the above described tendencies were observed; tjuider 
25 the condition that the development roller was greater 
in radius than the developer stripping-coating roller, 
the smaller the radius of the developer stripping- 
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coatlng roller^ the more likely to occur the problems 
of fog formation and toner spill, whereas under that 
condition that the development roller was smaller in 
radius than the developer stripping-coating roller, 
5 the greater the radius of the developer stripping- 
coating roller, the less likely to occur the image 
defects. Further, when the radius of the developer 
stripping-coating roller was greater than that of the 
development roller, the problems of fog formation and 

10 toner spill did not occur. 

The following will be evident from the above 
description of this embodiment. That Is, such 
problems as the occurrence of image defects, namely, 
fog, the toner spill, etc., that are attributable to 

15 the toner deterioration tracecd>le to the frictional 

force to which toner is subjected in the contact area, 
that is, the nip between the development roller 10 and 
developer stripping-coating roller 11, can be 
prevented by satisfying the requirements that the 

20 development roller 10 is greater in hardness than the 
developer stripping-coating roller 11, and is smaller 
in radius of curvature than the developer stripping- 
coating roller 11, in the contact area. 

Referring to Tables 1 and 2, there were cases 

25 in which the result of "no image defect" was obtained 
even through the development roller radius was equal 
to the developer stripping-coating roller radius. 
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However, as described regarding the mectxanifixn of this 
embodiment (Figures 9 and 10)^ it is evident that 
satisfying "the requirement that the developer 
stripping-coating roller radius is greater than the 
5 development roller radius is more effective to reduce 
toner deterioration than satisfying the requirement 
that the developer st ripping-coating roller radius is 
equal to the development roller radius. Therefore, it 
is preferable to satisfy the requirement that the 

10 developer st ripping-coat ing roller radius is to be 
greater than development roller radius. 

The aforementioned average particle diameter 
of the toner was obtained by the method employing a 
Coulter coiinter. More specifically, a Coulter counter 

15 TA-II or a Coulter multisizer (Coulter Co., Ltd.) was 
employed as a device for measuring the average toner 
particle diameter. The measuring method was as 
follows. Roughly 1% water solution of sodium chloride 
was prepared as electrolyte using first class sodium 

20 chloride: instead, Isoton-II (Coulter Co., Ltd.), for 
example, may be used. To 100 - 150 ml of the above 
described electrolyte, 0.1 - 5 ml of surfactant, 
preferably, alkylbenzene sulfonate is added as 
disperisant^ and thereafter, 2-20 mg of test sample 

25 is added. The electrolyte in which the test sample 
was suspended was placed in an ultrasonic dispersing 
device, and was subjected to a dispersing process for 
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roughly 1*3 minutes. Then, -the weight average 
particle diameter of the toner was measured with the 
above described measuring apparatus fitted with a 100 
pm aperture. 
5 (Embodiment 2) 

The second embodiment is related to a case in 
which spherical toner which is more likely to be 
deteriorated by the friction than aspherical Loner is 
employed as developer. Since the developing apparatus 

10 and image forming apparatus in this embodiment are the 
same as those in the first embodiment, they will not 
be described in detail. 

The toner in this embodiment is virtually 
spherical toner produced by polymerization. The 

15 particles of spherical toner are uniform in shape, 
being therefore uniform in development and transfer 
characteristics. Therefore, spherical toner is very 
suitable for the formation of a high quality image, 
and has been recently attracting a large amount of 

20 attention because of the increased demands for high 
quality in the market . 

Spherical toner, however, has it own problem. 
That is, from the standpoint of deterioration^ 
spherical toner is more likely to deteriorate than 

25 aspherical toner. 

The reason for this problematic 
characteristic of spherical toner is as follows. 
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Figure 12 is a ecliema-tlc sectional view of 
-the contact area„ and its adjacencies, between the 
development roller 10 and developer stripping-coating 
roller 11. The top side of Figure 12 represents a 
5 case in which spherical toner is employed as 

developer « and the bottom side of Figure 12 represents 
a case in which aspherical toner is employed as 
developer. 

In the contact area between the development 

10 roller 10 and developer stripping-coating roller 11 , 
the peripheral surfaces of the two rollers move in 
opposite directions. Therefore, the toner particles 
in the contact area are subjected to two forces 
different in direction (clockwise direction in Figure 

15 12). The spherical toner particles are easily rotated 
on their axes in the contact area, whereas the 
aspherical toner particles are less likely to be 
rotated on their axes^ in the contact area, due to 
their irregular shapes. 

20 Thus, a spherical toner particle is greater 

than an aspherical toner particle, in the comalatlve 
size of the surface area by which a toner particle is 
subjected to the frictional force while being passed 
through the contact area. Therefore, a spherical 

25 toner particle is greater than an aspherical toner 
particle, in the amount by which external additive 
particles are embedded into the surface of a toner 
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particle, being therefore more likely to suffer from 
tlie problems of the fog and the toner spill. 

Incidentally, in this embodiment, spherical 
toner means toner, the shape factors SF-1 and SF-2 of 
5 which are within the ranges given below* 

That is, SF-1 is in the range of 100 - 150, 
and SF-2 is in the range of 100 - 140 • 

The shape factor SF-1 is a parameter for the 
degree of sphericity, and the shape factor SF-2 is a 
10 parameter for the degree of surface roughness. The 
shape factor of a perfectly spherical toner particle 
is 100. The higher the degree of asphericity, the 
greater the value* 

The shape factors SF-1 and SF-2 of the toner 
15 particles are calculated using the following method. 
100 randomly picked toner particles are photographed 
at 50x magnification, with the use of an FE-SEM 
(Hitachi, Ltd.)- Then, the image data are fed into an 
image analyzing apparatus LUZEX3 (Nicore Co., Ltd.) 
20 and analyzed. Then, the two shape factors are 

calculated using the following mathematical formulas 
(Figure 13). 

SF-1 =: {(MXLNG)2/AREA> x (re/4) x 100 
SF-2 = C ( PERI) ^/ AREA} x (l/4n) x 100 
25 MXLNG: absolute maximum length 

AREA: projected area of toner particle 
PERI : circumference - 
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The inventors of the present: invention 
carried out durability tests, in which a spherical 
toner (SF-1 = 120; SF-2 = 110), which was produced 
by polymerization and was 6 iim in weight average 
5 particle diameter, was used to produce 10,000 copies, 
and the development rollers and developer stripping- 
coating rollers were varied in radius as were in the 
teste carried out to examine the first embodiment « 
The results are given in the following table (Table 
10 3). 

The radius of curvature of the development 
roller was varied by adjusting the thickness of the 
elastic member (material for which is the same as the 
above described one; butadiene rubber) formed over the 

15 peripheral surface of the metallic core with a 
diameter of 6 pm. The development rollers were 
provided with a thin surface layer (30 pm thick 
urethane film, which is the same as the one in the 
first embodiment) coated over the peripheral surface 

20 of the elastic layer to give toner particles electric 
charge • 

The developer st ripping-coating rollers were 
made different in radius of curvature by changing the 
thickness of the elastic layer formed of a foamed 
25 substance (urethane rubber as is the foamed substance 
in accordance with the prior art), without changing 
the diameter of the metallic core. 
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Further^ an arrangement was made so tliat: in 
any combination of tlie development: roller 10 and 
developer si-ripping-coating roller 11^ the depth by 
which the developer st ripping-coating roller 11 was 
compressed by the development roller 10 in the radius 
direction of the developer st ripping-coating roller 11 
hecame 1*0 mm. 

Also, another arrangement was made so that 
the peripheral velocities of the development roller 10 
and developer stripping-coating roller 11 relative to 
each other remained the same (which in this embodiment 
was 240 mm/sec). 

In the following table, G means that there 
was no problem throughout the durability tests 
(preferable images were formed from the beginnings of 
the tests to the ends); F means that fog was generated 
during the durability tests (toner adhered to non- 
image points of the peripheral surface of the 
photosensitive drum) ; and N means that not only was 
"fog" generated, but also, "toner spill", that is, the 
phenomenon that toner particles not carrying a 
sufficient amount of electric charge spill from the 
development roller 10, occurred* 
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G: No image defect 
F: Fog is prodxaced 
N; Toner falls 

15 

II. Is evident from Table 3, mider the 
condition that the development roller was greater in 
radius than the developer stripping-coating roller^ 
the smaller the developer stripping-coaLing roller in 

20 radius, the greater the amount of the fog and the 

amount of the toner spill from the development roller, 
whereas under the condition that the development 
roller was smaller in radius than the developer 
stripping-coating roller, the greater the developer 

25 stripping-coating roller in radius, the less likely to 
occur the image defects. 

Further, \inder the condition that the 
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developioent roller is greater in radius "than the 
developer st ripping-coating roller, tlie smaller the 
developer stripping-coating roller in radius, the 
smaller the copy count at which the fog began to be 
generated and the toner began to spill from the 
development roller. 

In terms of the copy count at which fog began 
to be generated and/or the toner began to spill from 
the development roller, Lhe spherical toner employed 
in this embodiment was smaller than the aspherical 
toner used in the first embodiment, because the 
spherical toner is more easily deteriorated than the 
aspherical toner. 

It was under the condition that the radius of 
Lhe developer stripping-coating roller was no less 
than that of the development roller, that is, the 
requirement of "development roller radius < developer 
stripping— coating roller radius" was satisfied, that 
images of high quality were outputted, thaL is, no 
image anomaly occurred, from the start of the 
durability tests to the end, in which 10,000 copies 
were printed and the radii of the development roller 
and developer stripping-coating roller were within the 
range of 4 - 10 mm. 

The inventors of the present invention also 
carried out the following durability tests, in which 
10,000 copies were printed, and in wbich the 
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specl float ions of tlie developxnent roller 10 and 
developer s-tripping-coating roller 11 and tlie 
peripheral velocities of tlie development roller 10 and 
developer stripping- coating roller 11 were varied as 
shown below- Incidentally, an arrangement was made so 
that the depLh by which the developer st ripping- 
coating roller 11 was compressed by the development 
roller 10 in the radius direction of the developer 
stripping-coating roller remained 1,0 mm regardless of 
the changes in radii of the development roller and 
developer stripping-coating roller - 
(Ranges of Variables) 

Weight average toner particle diameter: 3-10 

Hardness (Asker scale C) of development roller 

10: 30 - 70*; 

Hardness (Asker scale F) of developer sLripping- 
coating roller 11: 30 - 90"; and 

Peripheral velocities of the development roller 
10 and developer stripping-coating roller 11 relative 
to each other: 50 - 600 mm/ sec. 

Also under the above described conditions, 
the above described tendencies could be observed; 
\Ander the condition that the development roller is 
greater in radius than the developer stripping-coating 
roller, the smaller the developer stripping-coating 
roller radius, the more likely the fog to occur, and 
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th© more likely the toner to spill from the 
developmeuat roller 10; under the condition that the 
development roller is smaller in radius than the 
developer st ripping-coating roller ^ the greater the 
developer stripping-coating roller diameter, the less 
likely the image defect to occur; and xxnder the 
condition that the developer stripping-coaLing roller 
is greater in radius than the development roller, the 
problems of fog formation and toner spill did not 
occur . 

As described above, such problems as the 
occurrence of the image defect, namely, fogs, the 
Loner spill, etc., that are attributable to toner 
deterioration traceable to the frictional force to 
which toner is subu'ected in the contact area, that is, 
the nip between the development roller 10 and 
developer stripping-coating roller 11, can be 
prevented by satisfying the requirement that the 
development roller 10 is greater in hardness than the 
developer stripping-coaLing roller 11, and is smaller 
in radius of curvature than the developer stripping- 
coating roller 11, in the contact area, in order to 
reduce the amount of the frictional force to which 
toner is subjected in the contact area between the 
development roller 10 and developer stripping-coating 
roller 11- 

Ref erring to Table 3, there were cases in 
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whicli trhe result of "no Image defect" was obtained 
even through, the development roller radxus was equal 
to the developer sLripplng-coating roller radius - 
However, as described regarding the mechanism of this 
S embodiment (Figure^ 9 and 10), it is evident that 
satisfying the requirement that the developer 
stripping^-coating roller radius is greater than the 
development roller radius is more effective to reduce 
toner deterioration than satisfying the requirement 

10 that the developer st ripping-coating roller radius is 
equal to the development roller radius. Therefore, it 
is preferable to satisfy the reqoii rement that 
developer st ripping-coating roller radius is to be 
greater than development roller radius. 

15 (Embodiment 3) 

In the first and second embodiment, both the 
developer bearing member and developer stripping- 
coating member were in the form of a cylindrical 
roller. In this embodiment, however, the developer 

20 St ripping— coating roller is not uniform in radius of 

curvature; more specifically, it is an endless belt as 
shown in Figure 14. 

The apparatuses in this embodiment are the 
same as those in the first and second embodiments, 

25 except for the internal structure of the developing 
device 4. Therefore, the apparatuses themselves in 
this embodiment will not be described in detail. 
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Tlie iioner used in tills embodiment is tlie same 
as that in the second embodiment, which is the 
spherical toner with a weight average particle 
diameter of 6 fjun. 
5 The development roller 10 in this embodiment 

is the same as that in the first embodiment; it is a 
cylindrical elastic member with a diameter of 14 mm 
comprising a metallic supporting shaft with a radius 
of 3 mm, an approximately 4 mm thick elastic layer 

10 formed of solid rubber, sponge, or the like (which in 
this embodiment is butadiene rubbjer), over peripheral 
surface of the metallic supporting member, and a 
surface layer (which in this embodiment is 30 pm thick 
urethane film) coated on the peripheral surface of the 

15 elastic layer to give tonex*^ parLicles elecLx^ic charge. 

The stripping-coating member 11' in this 
embodiment is an endless belt comprising: a 0.5 mm 
thick rubber belt as a substrate, and a 6 mm thick 
elastic layer formed of foamed substance (which is 

20 foEuned urethane as is in the first and second 

embodiments) on the peripheral surface of the rxibber 
belL. It is driven by the rotaLion of supporting 
shafts 21 and 22, which are metallid rollers with a 
radius of 2.5 mm. 

25 In the developing device 4^ the development 

roller 10 is disposed so that the depth by which the 
developer stripping-coating member 11' is compressed 
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by tbe development roller 10 in center of the radius 
of curvature of the developer stripping-coating member 
11 ' becomes 1 mm. 

Referring to Figure 14, LUe development 
5 roller 10 and developer stripping-coating member 11' 
are in contact with each other, in the area in which 
the developer stripping— coating member 11* is in 
contact with the peripheral surface of the supporting 
shaft 21 • Therefore, when the developer stripp±ng- 

10 coating member 11* is not in contact with the 

development roller 10, the radius of curvature of the 
portion of the developer stripping-coatxng roller 11*, 
corresponding in position to the contact area, is 9 
mm. The development roller 10 is in the form of a 

15 cylinder truly circular in cross section* Therefore, 
when the development roller 10 is not in contact with 
the developer stripplng-coating roller 11', the radius 
of curvature of the portion of Lhe peripheral surface 
of the development roller 10, corresponding in 

2t) position to the contact area, is 7 mm, which is the 
same as the value of the radium of the development 
roller 10. 

The peripheral velocity of the development 
roller 10 is 140 mm/sec, which is the same as that in 
25 the first embodiment. The peripheral velocity of the 
developer stripping-coating member 11' is 100 mm/sec, 
which is also the same as that in the first 
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embodlinent * $lnc^ -tlie t:wo members 10 and 11* are 
rotated so that Lheir peripheral surfaces move in the 
opposite direction relative to each other, their* 
peripheral velocities relative to each other are 240 
5 nun/ sec . 

In the durability tests, similar to those 
carried out to examine the first and second 
embodiments, carried out under the above conditions^ 
in which 10,000 copies were printed to test each 
10 combination of the development roller and developer 
stripping-coating member, problems such as fog 
formation/ toner spill, etc., did not occur; high 
quality images could be output ted from start to 
finish. 

15 The radii of curvature of the development 

roller and developer stripping-coating member were 
varied within the range of 4 - 10 mm. 

The development rollers 10 were made 
different in radius by adjusting the thickness of the 

20 elastic member (the material for which was butadiene 
rubber, which was the same as that in the preceding 
embodiments) formed around the metallic core with a 
diameter of 6 vun. Further, the development rollers 10 
were provided with a Lhln surface layer (which in this 

25 embodiment was 30 pro thick urethane film, which was 

the same as those in the preceding embodiments), which 
was coated on the peripheral surface of the elastic 
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layer to give toner particles electric cliarge- 

Tlie developer stripping-coating members 11* 
were made different in radius of curvature by 
adjusting the thickness of the elastic layer formed of 
5 foamed substance, without varying the diameter of its 
supporting shaft 21. Further, an arrangement was made 
so that the depth by which the developer stripping- 
coating member 11' was compressed in the radius 
direction of Lhe supporting shaft 21 by the 

10 development roller 10 remained 1.0 mm, regardless of 
the changes in the relationship between the radii of 
curvature of the development roller 10 and developer 
stripping-coating member 11'- 

Further, another arrangement was made so that 

15 the peripheral velocities (which in this embodiment 
was 240 mm/s^c) of the development roller 10 and 
developer stripping-coating member 11' relative to 
each other did not change despite the changes in the 
radius of curvature of the developer stripping-coating 

20 member 11'. 

In order to examine the effects of the 
various combinations of the development roller and 
developer stripping-coating member 11' in terms of the 
radius of curvature upon toner deterioration, each 

25 combination was subaected to a durability test in 
which 10^000 copies were printed. It was the 
combinations in which the radius of curvature of the 
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developer sliripping-coatlng member 11' was greater 
tlian that of -the development roller 10, In other 
words, the combinations that satisfied "development 
bearing member radius < st ripping-coat ing member 
5 radius of curvature", tliat could output high quality 
images from the beginning of the test to the end. 

Further, the durability tests were also 
carried out under the following conditions. 
ConsequenLly , as long as the radius of curvature of 

10 developer st ripping-coating membex- 11 ' was grea.ter 

than the radius of the development roller 10, in other 
words, the requirement of "development roller radius < 
St ripping-coating member radius of curvature" was 
satisfied, the problems of fog formation, toner spill, 

15 etc, did not occur* 
(Ranges of Variables) 

Weight average toner particle diameter: 3-10 

pm; 

Hardness (Asker scale C) of development roller 
20 10: 30 - 70'' ; 

Hardness (Asker scale F) of stripping-coating 
member 11: 30 - QO""; and 

Peripheral velocities of the development roller 
10 and developer st ripping-coating roller 11 relative 
25 to each other: 50 - 600 mm/sec. 

In this embodiment, the present invention was 
described with reference to the cylindrical 
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development roller 10 and non-cylindrical developer 
stripping-coatingr member 11'. However, even in the 
case of developing apparatuses in which the developer 
bearing memher(s) is not cylindrical , and the 
5 developer st ripping-coating member (s) is cylindrical; 
or both the developer bearing member and developer 
stripping-coating member are non- cylindrical , the 
frictional force to which toner is subjected in the 
contact area beLweea the developer bearing member and 

io developer stripping-coating member can be reduced to 
prevent the problems such as fog formation, toner 
spill, etc., by making an arrangement so that when the 
developer bearing member and developer stripping- 
coating member are not in contact with each other, the 

15 radius of curvature of the portion of the peripheral 
surface of the <leveloper st ripping-coating member, 
corresponding in position to the contact area, is 
greater than that of the developer bearing member. 

Further^ the preceding embodiments of the 

20 present invention were described with reference to 
nonmagnetic single-component toner, the inherent 
polarity of which was negative. But, the application 
of the present invention is hot limited to nonmagnetic 
single— component toner. For example, the employment 

25 of magnetic single-component toner, or toner which is 
inherently positive in polarity, will also bring forth 
the same effects as those described above. 
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Also in the prece^iing embodiment: silica was 
used as the external additive foi* the toner. However, 
the choice of external additive does not need to be 
limited to silica. The employment of ordinary 
external additive (altimina, titanium oxide, etc) for 
controlling toner charge will also give the same 
effects as those described above - 

Moreover, the preceding embodiments were 
described with reference to one ol the reversal 
developing methods. However, the above described 
effects can be obtained no matter which developing 
method is ^ployed, a reversal developing method or a 
normal developing method. 

As described above, according to the present 
invention, of the developer bearing member and 
developer stripping-coating member employed by an 
image forming apparatus^ the developer stripping- 
coating member which is softer than the developer 
bearing member is made greater in radius of curvature 
than the -developer bearing member which is harder than 
the developer stripping-coating member, in order to 
reduce the amount of the frictional force generated in 
the contact area between the developer bearing member 
and developer stripping-coating member. As a result, 
excellent images, that is, images which do not suffer 
±tom fog, or defects attributable to the toner spill 
fr6m the developer bearing member, can be formed. 
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While the Inven-tion has been described with 
7-eference -to the structures disclosed helrein, it is 
not confined to the details set forth, and this 
applicatidh is intbnded to covfer such modifications or 
5 chdhges ds may come within the. :piii:t>oses d£ the 

improvements or the scope of the folloMring claims. 
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